Introduction
The geese (tribe Anserini) are a diverse group of species divided into two genera, Anser and Branta. The taxonomy of Anser at the species and subspecies levels is complicated, re¯ecting the close relatedness of the species. Currently, 10 species of Anser are recognized. The systematic relationships among goose species or subspecies have been based on the degree of phenotypic variation (e.g. body size and colour) and whether they are allopatric, parapatric or sympatric. Subspecies status is uncertain among some of the species. The most complicated example is the bean goose (Fox, 1996) with three taiga-and two tundra-breeding forms (Cramp & Simmons, 1977) . Where the distribution areas overlap, the subspecies of bean goose intergrade in morphology within a form, but also between the forms in the forested tundra zone (Delacour, 1954) . Little effort has been put in trying to deduce the evolutionary relationships among the species. For some of the species, a close relationship is suggested, but attempts to reveal the relationships above that level are few. Most likely, this simply re¯ects shortage of derived characters that can be analysed: based on 120 morphological characters, Livezey (1986) was unable to ®nd enough characters to support even the generic monophyly of Anser and Branta.
The monotypic species bar-headed goose (Anser indicus), emperor goose (A. canagicus) and swan goose (A. cygnoides) are morphologically the most divergent species of Anser. Snow goose (A. caerulescens, two subspecies) and Ross' goose (A. rossii), which were formerly placed into a separate genus, Chen (Miller, 1937) , are closely related and both species exhibit two plumage colour-phases (blue phase and snow phase), a feature that is unique among geese. The rest of the Anser species, greylag (A. anser, two subspecies), bean (A. fabalis, ®ve
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Abstract
The phylogenetic relationships of seven goose species and two of the subspecies representing the genus Anser were studied by approximately 1180 bp of mitochondrial DNA tRNAglu, control region and tRNAphe sequences. Despite obvious morphological and behavioural af®nities among the species, their evolutionary relationships have not been studied previously. The small amount of genetic differentiation observed in the mitochondrial DNA indicates an extremely close evolutionary relationship between the Anser species. The sequence divergences between the species (0.9±5.5%) are among the lowest reported for avian species with speciation events of Anser geese dating to late Pliocene and Pleistocene. The species grouped into four mtDNA lineages: (1) snow and Ross' goose, (2) greylag goose, (3) white-fronted goose, and (4) bean, pink-footed and lesser white-fronted goose. The phylogenetic relationships of the most closely related species, bean, pink-footed and lesser white-fronted goose, indicate a period of rapid cladogenesis. The poor agreement between morphological relationships and the phylogenetic relationships indicated by mtDNA sequences implies that either ancestral polymorphism and lineage sorting, hybridization and introgression or convergent evolution has been involved. subspecies), pink-footed (A. brachyrhynchus), white-fronted (A. albifrons, 4±5 subspecies) and lesser white-fronted goose (A. erythropus) form the`grey geese' group (Delacour, 1954) . Although all grey geese are similar in appearance, special af®nities among species pairs exist. Lesser white-fronted and white-fronted goose are the only goose species having a white frontal patch and extensive dark belly batches. The main differences between the two species is the body size, shape of the head and the bill, and the yellow eye ring which is more pronounced in lesser white-fronted goose. Earlier, pinkfooted goose was merely considered as a subspecies of bean goose (Delacour, 1954) closely resembling A. fabalis rossicus, the smallest of the subspecies of bean goose. However, the distribution ranges of bean goose and pinkfooted goose are allopatric and therefore they now are considered as separate species.
Generally, avian species exhibit low levels of divergence in nuclear and mitochondrial genes (Kessler & Avise, 1985; Ball & Avise, 1992) . Because of the close relatedness of Anser species, we have chosen the fastevolving noncoding mitochondrial control region for a phylogeny construction. In addition to the improved phylogenetic resolution offered by the high substitution rate in the noncoding mitochondrial control region, the smaller effective population size for mitochondrial DNA (mtDNA) compared to nuclear genes gives a higher probability of coalescence (Moore, 1995) . Thus, a mtDNA tree is more likely to be congruent with the species tree even when the time-intervals between the speciation events are short (Moore, 1995) . Also, the maternally inherited mtDNA is suitable for phylogenetic study of species with male-biased dispersal (Avise, 1995) . Due to a gregarious behaviour and historical demography, geese from different breeding grounds may join to form large migratory and wintering¯ocks. The exchange of males between the populations occurs during the wintering via pair-formation with females originating from other breeding populations. Consequently, species may exhibit strong geographical population structuring in maternally inherited genes (like mtDNA and the W chromosome), but may show a strong coherence in traits determined by nuclear genes, including morphology. On the other hand, the wintering areas and migratory¯yways of populations may be isolated, leading to divergence of the nuclear gene pools as well.
Multilocus allozyme surveys have found only minor differences among Anser species and even between the two genera of geese, Anser and Branta (Baker & Hanson, 1966; Patton & Avise, 1986) . There have been no previous attempts to clarify the phylogenetic relationships and to scale the level of differentiation among Anser species using DNA sequences. Other goose studies have concerned either the intraspeci®c population structure (Shields & Wilson, 1987b; Novak et al., 1989; Shields, 1990; Van Wagner & Baker, 1990; Avise et al., 1992; Quinn, 1992) or the phylogenetic relationships of only a few taxa (Shields & Wilson, 1987a; Quinn et al., 1991; Avise et al., 1992) . Here we describe the phylogenetic relationships of seven Anser species and two of the subspecies based on mtDNA control region sequences.
Materials and methods
The mitochondrial tRNAglu, control region and partial tRNAphe of seven Anser species (Table 1) were used to construct the phylogeny. One to three individuals from each species were analysed. Two subspecies of Quinn (1992; GenBank M95416) and Quinn & Wilson (1993; GenBank X77190) .
DNA extraction, ampli®cation and sequencing of the mtDNA control region Total DNA was isolated from either blood or tissues (Table 1 ) with phenol-chloroform extractions according to the standard procedure. The PCR primers (Table 2) were designed based on the sequences in and around the mtDNA control region of snow goose (Quinn & Wilson, 1993) . The primer pairs L16642/H581 and L499/H1248 ampli®ed a nuclear sequence, which was mitochondriallike (numt) when total DNA isolated from blood was used as a template. Consequently, mtDNA-enriched isolates were extracted (Jones et al., 1988) from seven specimens (pink-footed 2 & 3, lesser white-fronted 2 & 3, white-fronted 2, greylag 1 & 2) and used as a template in PCR with primers L16643 and H1248 which are¯anking the control region. Because mtDNA-enriched isolates can contain substantial amounts of nuclear DNA, a long-PCR was made from pink-footed 2 and lesser white-fronted 3 mtDNA isolates and white-fronted 2 total DNA isolated from other tissues than blood. An approximately 10-kb fragment of mtDNA spanning from cytochrome oxidase I to tRNAphe (primers L7831 and H1248, Table 2 ) was ampli®ed with Elongase (GIBCO BRL) according to the manufacturer's instructions and this product was used as a template in a second PCR with primers¯anking the control region (L16643 and H1248). Based on a comparison of mitochondrial and nuclear sequences, we designed mtDNA-speci®c primers, which amplify the region in two broadly overlapping fragments (Table 2) . Because the transposition of the numt sequence is recent and thus the sequence similarity high between numt and the conserved mtDNA regions, it was not possible to design mtDNA-speci®c primers for the¯anking areas (ND6 and tRNAphe). The speci®city of the primers was achieved by choosing an area inside the control region which was different between the numt and the contemporary mtDNA sequences. The whole control region was always ampli®ed and sequenced from the mtDNAenriched isolates and long-PCRs to ensure that both the ampli®ed overlapping fragments are of the same origin when the speci®c primers were used later.
According to Sorenson & Quinn (1998) , the risk for ampli®cation of nuclear mtDNA copies is less pronounced when feather quills are used. When no proper tissue for mtDNA isolation or long-PCR was available, we used feathers for DNA isolation, ampli®ed the hypervariable part of the control region and compared the sequences obtained from blood and feather DNA from the same individuals (Table 1) .
Standard PCR ampli®cations for sequencing were performed in a reaction volume of 100 lL containing either total DNA or isolated mtDNA, 1 lM M of each primer, 10 mM M Tris-HCl pH 8.8, 1.5 mM M MgCl 2 , 50 mM M KCl, 0.1% Triton X-100, 200 lM M of each dNTP and 2 U of Dynazyme (Finnzymes). Ampli®cation pro®les were: 30 cycles of denaturation at 94°C for 1 min, annealing at 53±63°C (depending on the primers used) for 1 min and synthesis at 72°C for 2 min.
PCR products were puri®ed from 1% agarose gel (Glenn & Glenn, 1994) and dissolved into 1/10 of the original volume. Double-stranded DNA sequencing of the PCR products was performed either according to Bernatchez et al. (1992) using the Sequenase kit (Version 2.0, US Biochemicals) or by using dye terminator automatic sequencing with ABI PRISM 377 according to ABI PRISM User's manual. Sequences have been deposited in GenBank (accession numbers AF159951± AF159973).
Sequence alignment and phylogeny
The sequences were aligned with the PILEUP program (Genetics Computer Group) and edited manually. The hairpin region (nucleotides 120±146, Fig. 1 ) was removed from the analyses because of possible ambiguities. The pairwise distances were estimated using Kimura's two-parameter method (Kimura, 1980) in the MEGA program (Kumar et al., 1993) . The gaps were omitted only in the pairwise comparisons. For the parsimony analysis, PAUP 3.1 (Swofford, 1993) was used. A heuristic search with TBR branch swapping of 1000 bootstrap replicates was performed. Gaps were treated as a ®fth character state and all substitutions were weighted equally. For maximum likelihood trees, Table 2 Sequences for the PCR primers used in the present study. Sequences are given in the 5¢ to 3¢ orientation. L and H refer to the light and heavy strands of the mtDNA. The numbers refer to the 3¢ base of the primer in the alignment, except for L16643, L7831 and H1248, which refer to the chicken sequence (Desjardins & Morais, 1990 fastDNAml program V. 1.0 (Olsen et al., 1994) with two different transition/transversion ratios (default ts/tv ratio 2.0 and empirically determined average ts/tv ratio 6.5) and 100 bootstrap resamplings were used. A consensus tree was constructed with CONSENSE in Phylip Package V. 3.5c (Felsenstein, 1993) .
Results

Control region evolution
The mitochondrial control region, the adjacent tRNAglu, a part of tRNAphe and the nuclear copy from six species and two subspecies of geese were sequenced and aligned (Fig. 1) . A snow goose sequence published by Quinn & Wilson (1993) was included to the alignment. One hundred and thirty of 1254 sites were variable, 95 were phylogenetically informative and 20 involved transversional changes. In pairwise comparisons of the sequences, the average transition-transversion (ts/tv) ratio was 6.5 (range 1.0±46.0). The lowest ts/tv ratios (Table 3) were not indicative of saturation, but a result of a low number of substitutions in general in the sequences in question. Most of the nucleotide differences between the species are concentrated to the 5¢ and 3¢ and III to be 7.4:1:3.2, respectively. The estimated rates are similar with the corresponding values of 6:1:4 observed among seven species of genus Alectoris (Randi & Lucchini, 1998) . Among more distantly related ®nch species (divergences 7.8±19.6%), Marshall & Baker (1997) estimated the relative substitution rate of the domains to 2.2:1:4.2. As Marshall & Baker (1997) suggested, the relative ratio of substitution rates between domains may depend on the taxonomic level for which comparisons are made: substitutions and indels accumulate earlier in the mutational hotspots of the domain I, but more overall divergence is tolerated in domain III. The control region sequences show only minor variation in length (1174±1179 bp) between the Anser species. Length differences are due to 1-to 3-bp insertions or deletions in domains I and III. No length differences due to variation in the number of tandem repeats were detected, as has been reported in other avian species (Wenink et al., 1994; Berg et al., 1995; Gibbs et al., 1996) . The conserved sequence block 1 (CSB-1), which is characteristic for other control region sequences, is situated at the domain III (nucleotides 927± 953, Fig. 1 ), but CSB-2 and CSB-3 are evidently not present in goose sequences (Quinn & Wilson, 1993) .
Control region nuclear copy
Recently, a number of mitochondrial-like nuclear sequences have been reported (reviewed by Sorenson & Quinn, 1998) . In the course of the present investigation we detected a nuclear copy of mtDNA, ®rst described in snow goose by Quinn & White (1987) , in all the Anser species studied. Quinn (1992) sequenced 178 bp of the numt from 12 snow geese and found no intraspeci®c variation. We sequenced the area corresponding to whole control region and tRNAglu from nine individuals representing seven different species. The numt 1 sequence ( Fig. 1) was found in all individuals of pinkfooted, bean, lesser white-fronted, white-fronted and greylag goose. In snow and Ross' goose, a slightly diverged numt 2 was detected differing from numt 1 by four substitutions (position 86 A « G, 395 A « G, 459 T « C and 765 G « C, Fig. 1 ). The nuclear copy spans at least from ND6 to tRNAphe, but might be considerably longer (in snow goose 3.6 kb or less; Quinn & White, 1987) , because the transposition ends were not determined.
Numt 1 and 2 are much more closely related to each other than to any of the contemporary mitochondrial sequences, implying that the transposition from mitochondrion to nucleus has occurred only once. The average genetic distance between numts and the mitochondrial counterparts is 4.4% (range 3.8±5.1%, Table 3 ). The substitution rate of the mitochondrial sequence integrated into the nuclear DNA is slower than the mitochondrial DNA (Arctander, 1995) . The divergence estimates among some of the mitochondrial haplotypes exceed the divergence estimates of numt and mitochondrial haplotypes, but if the difference in the substitution rates is taken into consideration, the transposition of Anser numt precedes the divergence of the mtDNA lineages.
Phylogenetic relationships among mtDNA from Anser species
The phylogenetic analysis was based on 1227 nucleotide positions of the mitochondrial control region, tRNAglu and tRNAphe sequences, and numt 1 was used as an outgroup to Anser. Between Anser and Branta, approximately 80% of the control region is alignable (M. Ruokonen, unpublished data), but the most variable 5¢ and 3¢ regions had to be excluded, which decreased the phylogenetic resolution signi®cantly within the closely related Anser. By doing this, we were able to show that numt 1 and 2 sequences were monophyletic and basal to Anser mtDNA haplotypes studied. Instead of Branta sequences, we preferred to use the numt 1 as an outgroup.
The maximum parsimony and maximum likelihood (with ts/tv 2.0 and 6.5) analysis gave similar topologies (Fig. 2) . The most divergent taxa, snow goose and Ross' goose, grouped together and formed a clade with a high bootstrap support in both the maximum parsimony and the maximum likelihood trees. Also, the monophyly of western and eastern greylag goose was strongly supported in both analyses. For the remaining Anser species, the branching order and grouping are less clear. In the maximum parsimony tree, the only additional monophyletic group receiving relatively high bootstrap values (87%) is pink-footed geese; this group is also supported in the maximum likelihood tree (95%). The monophyly of white-fronted geese is relatively well supported in both trees (MP 75%, ML 62%). Lesser white-fronted, bean and pink-footed geese mitochondrial haplotypes form a polytomy and their branching order remains unsolved.
Kimura's two-parameter distances for Anser sequences are presented in Table 3 . The smallest divergence (0.3%) at the species level is between snow and Ross' goose. In snow goose, two different mtDNA lineages (clades I and II) have been found in earlier studies Quinn, 1992) . The most common haplotypes in both clades of snow goose were also present in Ross' goose . By comparing the sequences in the present work to those published by Quinn (1992) , it is apparent that both snow and Ross' goose sequences in the present study belong to clade I and their distance estimate represents a polymorphism within one mitochondrial lineage. Otherwise, the genetic distances between Anser species range from 0.9% to 5.5%. Among subspecies, the average distances are 0.8% for European and Greenland white-fronted goose, and 1.0% for western and eastern greylag goose. Among lesser white-fronted goose and European white-fronted goose there are two mtDNA lineages in each species with sequence divergence of 0.8 and 1.1%, respectively.
Discussion
The prior knowledge of the close relatedness of the Anser species (Baker & Hanson, 1966; Patton & Avise, 1986; Shields & Wilson, 1987a; Quinn et al., 1991; Avise et al., 1992) prompted us to use mtDNA control region sequences for the present study. Despite the high substitution rate of the control region, the differentiation in mtDNA among the species is low, with a sequence divergence among species ranging from 0.9% to 5.5%. Very few studies with comparisons of avian interspeci®c divergence based on the whole mtDNA control region sequence have been published (Cepphus 3.2±7.4%, Kidd & Friesen, 1998 ; Alectoris 3.0±6.0%, Randi & Lucchini, 1998 ; Fringilla coelebs ± F. teydea 7.8% and F. coelebs ± Carduelis chloris 19.6%, Marshall & Baker, 1997) . Compared with these estimates, the sequence divergences among Anser species are among the lowest reported for avian species. A recent speciation among Anser species is also supported by the lack of differentiation in nuclear markers like allozymes. The amount of protein differentiation among Anser species is extremely low compared with other waterfowl genera (Nei's D 0.002 for Anser vs. 0.023±0.092 for Aythya and Anas; Patton & Avise, 1986 1 ). Also, the fact that goose species are able to hybridize and that hybrid-offspring usually are fertile if the parental species belong to the same genus (Gray, 1958; Panov, 1989) points to Anser species being closely related. Fig. 2 (a) Maximum parsimony tree for the mtDNA control region sequences. The numbers above the branches show the percentage bootstrap support from 1000 replications for the parsimony tree (length 197; consistency index excluding noninformative characters 0.562; retention index 0.791). Nodes with less than 50% bootstrap support were collapsed. (b) Maximum likelihood tree with transition/transversion ratio set to 2.0. Branches in bold are signi®cantly longer than 0 at P < 0.01. Nodes with >50% bootstrap support in the consensus tree of 100 bootstrap resamplings are indicated.
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The fossil record for the geese is sparse (Shields & Wilson, 1987a, and references therein; Tyrberg, 1998) , as for birds is general. This is especially true for the Palearctic species: most of the fossil data available come from the Western Palearctic. In a situation where most of the putative historical distribution areas remain unstudied, the appearance of a species into the fossil fauna of a certain locality can be a result of speciation but can also indicate a shift in the distribution range. Therefore, no attempt to estimate the average substitution rate based on the fossil data for the whole Anser control region sequences was made. If the estimate of 2% in million years between two lineages for the whole mtDNA (Shields & Wilson, 1987a ) is applied to obtain a rough estimate for the timing of speciation events of Anser species, they date within approximately 2±2.5 million years (Late Pliocene and Pleistocene), and the most closely related species diverged approximately 0.5 million years ago (Middle Pleistocene). Although the applicability of the molecular clock has been largely questioned, it is generally assumed that the rate of nucleotide substitutions in the control region is higher than in the whole of mtDNA (Horai et al., 1995) . However, it is known that lesser white-fronted, bean and pink-footed goose appear in the European fossil record in the Middle Pleistocene approximately 0.4±0.5 million years ago (Tyrberg, 1998) , and thus the estimates of divergence times based on the molecular clock calibration of 2% are probably not too high.
In the Pleistocene, periodic climatic changes have promoted diversi®cation through range shifts, allopatry and reduced population sizes in connection with the cold climatic periods, and have rendered expansions, colonizations and secondary admixtures during the warm periods (Webb & Bartlein, 1992; Roy et al., 1996) . The importance of Pleistocene glacial cycles for the divergence of bird species and the late Pleistocene origin of bird species has recently been questioned by Klicka & Zink (1997) . In their review of mtDNA sequence divergence for North American songbird taxa, they conclude that the origin of the sister species (for which a Late Pleistocene origin was postulated) date, on average, to the late Pliocene. Possible reduced speciation rates during the Pleistocene have been explained by repeated mixing of populations as a consequence of the climatic shifts preventing allopatric differentiation (Blondel & MourerChauvire Â, 1998) . On the other hand, Avise & Walker (1998) summarized the results on intraspeci®c mtDNA differentiation in avian species of North America and Europe, and found that most of the separations of phylogeographical units within a species can be traced to the Pleistocene. For a closely related group of species, such as the genus Anser, the Pleistocene biogeographical events seem to have played an important role.
In addition to the recent divergence among the Anser species, the most notable features in the mtDNA tree are the lack of resolution, and a poor agreement between the phylogenetic relationships demonstrated by mtDNA tree and the morphological differentiation. The monophyly of snow and Ross' goose and earlier divergence basal to the other Anser species studied is supported by high bootstrap values and also by the slightly differentiated numt 2 compared with numt 1 in the other species studied. Both Ross' and snow goose haplotypes in this study belong to clade I Quinn, 1992) . By comparing the clade II sequences in Quinn (1992) to the Anser sequences analysed in this study, we conclude that clades I and II are monophyletic. In addition to many synapomorphic substitutions, these two lineages share an insertion (nucleotide position 313, Fig. 1 ) that is absent in the other sequences indicating a common ancestry for clades I and II.
The branching and monophyly of greylag goose is also well supported. The grouping of the two western greylag geese and the relatively large distance to eastern greylag goose suggests that monophyly might be reached also at the subspecies level.
The relationships among the rest of the species are less clear. The trees give some support to only two main groups: (1) white-fronted goose and (2) bean, pinkfooted and lesser white-fronted geese. Also, European and Greenland white-fronted geese do not form monophyletic groups at the subspecies level. The short internal branches among the haplotypes suggest that there has been a period of rapid cladogenesis in Anser evolution. The haplotypes are equidistantly related to each other and have not retained shared-derived substitutions, which indicates short periods of shared histories. Given the same evolutionary history, the phenotypic and genotypic characters should correlate. In the absence of conservative derived morphological characters (Livezey, 1986) giving strong support for the species relationships, the discussion is limited to few morphological characters, which have been traditionally considered to evaluate the species' relationships. The fact that lesser white-fronted goose groups together with bean and pink-footed goose rather than with white-fronted goose is not in agreement with the morphology. The monophyly of white-fronted and lesser white-fronted goose is supported by the existence of extensive belly patches and a frontal patch. Additional support comes from allozyme studies: although most of the variation in the blood proteins of geese could be attributed to individual variation, both white-fronted and lesser white-fronted goose were classi®ed to transferrin phenotype class VI, whereas all the other Anser geese studied belonged to class I (Baker & Hanson, 1966) . Also, the great similarity in overall appearance of bean and pink-footed goose and the fact that they are the only Anser species having partly coloured bills (black and yellow/pink) suggest that they are monophyletic. Therefore, the mtDNA phylogeny presented in this paper might not represent a species tree, but rather a gene tree. For the incongruence of the morphology and the mtDNA tree, three interpretations can be presented: convergent evolution, hybridization and lineage sorting. The lack of differentiation in nuclear sequences is compatible with all three scenarios and thus the arguments remain speculative.
Firstly, the seemingly homologous morphological traits could be shared primitive ancestral states or a result of convergent evolution not representing synapomorphies. Although possible, this seems an unlikely explanation, e.g. for the overall similarity in morphology, whitefrontal patch and belly patches in white-fronted and lesser white-fronted goose as symplesiomorphies or independent apomorphies.
Because of range shifts caused by Pleistocene climatic oscillations, the species could have established secondary sympatric contact during the cold climatic periods. For closely related species with incomplete reproductive isolation mechanisms this could have given an opportunity for hybridization to occur and to in¯uence the evolution through introgression (Dowling & Secor, 1997) . In the Anser mtDNA tree, the closer relatedness of lesser white-fronted goose to bean and pink-footed goose than to white-fronted goose could be explained by speciation of lesser white-fronted goose through hybridization between the ancestor of bean/pink-footed goose and white-fronted goose. However, because the morphological, plumage and behavioural traits are mostly determined by multiple genes, traits intermediate to the parental species could be expected in a species with hybrid origin. Therefore, introgression of bean/ pink-footed mtDNA to lesser white-fronted goose through past hybridization seems more plausible when hybridization is considered. Presently, the breeding range of lesser white-fronted goose is parapatric to both white-fronted and tundra bean geese. Owing to changes in the distribution areas caused by the last glacial, the information concerning biogeography of the species cannot be applied directly to evaluate the possibility of hybridization.
Based on the morphological relationships of the species, ancestral polymorphism and lineage sorting is the most probable explanation for the lack of congruency. A factor opposing this scenario is that one of the effects of Pleistocene population dynamics has been repeated bottlenecks reducing the likelihood of retaining polymorphisms in a population. However, in our data, lesser white-fronted and European white-fronted geese host two distinct and relatively distantly related mtDNA lineages when compared with the interspeci®c values. Because most goose species inhabit relatively large latitudinal areas, the species are not panmictic but rather tend to be subdivided. This would enable the divergence of maternal markers and/or maintenance of mtDNA polymorphism, even when the effective population size is small.
Despite the low level of genetic differentiation, a considerable morphological and behavioural diversity exists among Anser species. The divergence of bird species has been proposed to proceed with the evolution of behavioural barriers to interbreeding (Grant & Grant, 1997) more than through genetic differentiation of the populations. The morphological and behavioural traits of species are probably important with respect to premating isolating barriers, e.g. in mate choice through imprinting. Relative to the rate of evolution in mtDNA and allozymes, the differentiation in morphology and behaviour may be rapid. This is especially true if the characters are adaptive and subject to selection.
